RNA from circulating blood reticulocytes was utilized to provide a robust description of genes transcribed at the final stages of erythroblast maturation. After depletion of leukocytes and platelets, Affymetrix HG-U133 arrays were hybridized with probe generated from the reticulocyte total RNA 5 (blood obtained from 14 umbilical cords and 14 healthy adult humans).
Introduction
Erythropoiesis is defined by lineage commitment and proliferation of hematopoietic stem cells followed by terminal differentiation of erythroblasts into mature erythrocytes. After the final cell division, enucleation marks the complete cessations of erythroid transcription. For several days after 5 enucleation, the cells retain some RNA in their cytoplasm and enter the circulation. Until that residual RNA is fully degraded, the cells are referred to as reticulocytes.
Reticulocytes have been utilized for a variety of research assays and other studies pertaining to erythroid biology (16) . As a laboratory reagent, 10 reticulocyte lysate continues to be useful for studies of in vitro translation (10). Reticulocytes also provide an important reagent to study the effects of erythroid gene manipulation in mice (7, 17) . In the clinic, reticulocyte 
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Materials and Methods
Preparation of Reticulocytes RNA. All cells were collected according to approved human subjects' guidelines. The research studies were performed at the National Institutes of Health under an exemption from 45 CFR 46,which is in accord with the principles of Helsinki. ACD (acid citrate dextrose) anticoagulated blood was collected from 14 healthy adult donors by venipuncture and 14 placental umbilical cords at term delivery. All the samples were stored at 4°C for less than 48 hrs prior to RNA extraction.
After the centrifugation at 200 x g for 10 min, the plasma and the buffycoat 5 layers were removed by aspiration. Next, the packed red blood cells were diluted with 4 volumes of 1 X PBS and filtered through two RCXL2 High Efficiency Leukocyte Reduction Filters connected in series (PALL, NY).
Platelets were removed by duplicate low-speed centrifugation at 200 x g at 4°C for 10 min. Special attention was made to process all samples in an 10 equivalent manner. To check the purification quality, CBC (complete blood counts) with reticulocyte before and after purification process (Sup . Table   S1 ) using CELL-DYN 4000 (Abott Diagnostics, CA) were performed.
Contaminating white blood cells were not seen on Giemsa stained blood smears. For RNA extraction, the purified samples were thoroughly mixed 15 with three volumes of Trizol-LS (Invitrogen, CA) and stored at -80°C prior to processing. Batched samples were treated with DNaseI to degrade residual genomic DNA, and the extracted RNA was purified using RNeasy Mini columns (Qiagen). Prior to array analysis, a consistent pattern of RNA molecular weight distribution with distinct 28S and 18S rRNA peaks was 20 detected using Agilent Technologies 2100 Bioanalyzer (Agilent Technologies, CA) in each of the 28 samples used for this study.
Microarray Data Analysis. Affymetrix HG-U133A and HG-U133B microarray hybridizations were performed using 5 ug of total RNA from each sampleswith one cycle of complementary RNA amplification according to the manufacturer's protocol. After hybridization and washing, the microarrays were scanned using MicroArray Suite 5.0 software. The data were analyzed using Partek Pro 6.0 software (Partek, MO) for statistical evaluation. Mean signal intensities and the p-value measurement of significance were 5 calculated for each probe set according to the software default settings. The probe sets encoding highly expressed genes were compiled according to the geometric mean values of signal intensities (Table 1 and Sup. Table S2 ). In general, the genes identified in this manuscript are defined according to Refseq reference terminology (http://www.ncbi.nlm.nih.gov/RefSeq). 10
The raw data for 28 samples were also imported into GeneSpring 7. Other bioinformatic analyses. To analyze transcription factor binding site motif frequencies, a web-based Gene2Promoter software application was used (http://www.genomatix.de). For this purpose, the Affymetrix probesets listed in Table 1 were queried to predict 67 human promoter sequences. 
Results
Purification of Reticulocytes.
A negative selection strategy was utilized to obtain purified populations of erythroid elements circulating in peripheral blood. Leukocytes were removed by filtration, and platelets were depleted by 15 repeated low-speed centrifugation. Depletion of leukocytes and platelets was confirmed to levels near the sensitivity limits of automated counting as shown in Sup. Table S1 . While erythroid cells were the only population visualized on the blood smears, contaminating white blood cells were estimated as 0.001% of the total cellular populations. Density gradient 20 purification was attempted separately, but contamination by white blood cells was more pronounced (data not shown). Despite the depletion of leukocytes and platelets, the percentage of reticulocytes in the purified populations remained stable. As predicted (2), a higher percentage of reticulocytes were detected in the cord blood samples (3.3±0.9% for cordblood after purification vs. 2.2±1.2% for adult blood after purification, t-test p-value = 0.01) (Sup. Table S1 ). Additional purification or separation of reticulocytes into subpopulations was not performed.
Transcripts detected at high levels. To generate a subset of genes with 5 transcripts detected at the highest levels among remnant mRNA from cord and adult blood reticulocytes, the mean signals were sorted for the 44,854 probe sets contained on the microarrays. The 27 gene transcripts detected at the highest levels (ranked among the top 20 according to mean signal intensity from either cord or adult profiles) were compiled as shown in Table  10 1. A broader list containing the 100 transcripts with the highest mean signal intensities in reticulocyte mRNA from cord versus adult blood is provided in Sup. Table S2 . For gene transcripts hybridized with multiple probe sets, the probe set with the highest mean intensity is shown. A complete list of probe sets encoding the globin genes is provided in Sup. Table S3 . Table S2 ). Eight other genes (CGI-69, OAZ1, ALAS2, BNIP3L, FTL, MSCP, TPT1 and GYPC) known to be expressed during terminal erythroid differentiation or play key roles in erythroid specialization were also identified here. Several ribosomal proteins were also noted on the broader list. FBXO7, UBB and UBA52 encode genes that function in protein 5 ubiquitination. The polyamine regulator OAZ1, the Parkinson's diseaseassociated gene SNCA, the transcription related factor NSEP1, and three uncharacterized transcripts were also identified.
Genomic overview of the highly expressed genes. It is well known that the 10 globin transcripts are expressed from two developmentally-regulated groups of genes on chromosomes 11 and 16. The very high level of gene activity within those genes may be related to insulated or protected chromosomal domains (12, 13) . To determine whether genes in the vicinity of the globin loci possess similarly high-level gene expression, the signal intensities for 15 probes that hybridize to adjacent genes (defined here as genomic regions defined by Refseq ID) were examined (Fig. 1) . The developmentally predicted patterns of high-level expression were observed for the alpha-and beta-globin gene clusters in the cord and adult blood samples. However, comparably high levels of transcripts encoding the surrounding genes were 20 not detected. Analyses of other highly abundant non-globin transcripts from Table 1 demonstrated similarly low probe intensity levels from adjacent genes (Sup . Table S4 ).
Promoter motif comparison among highly expressed genes. Based upon theshared pattern of very high level transcripts among those genes shown in Table 1 , it was hypothesized that these genes may possess shared mechanism(s) of transcriptional regulation. As an initial study in this regard, transcription factor binding motifs were determined for the promoter regions of the genes shown in Table 1 . As described in the methods section, 26 5 promoter sequences were identified using promoter prediction software from the RefSeq or full-length ORFs corresponding to the Table 1 Table S6 ).
Comparison of the cord and adult blood transcriptomes. In addition to those transcripts detected at very high levels, analyses of the entire data set were also performed according to the MAS 5.0 software-defined 'Absent' or 5 'Present' algorithm. 1285 and 806 probe sets were annotated as 'Present' in all cord blood or in adult blood samples, respectively. The probe set IDs are provided in Sup. Table S7 and summarized by the Venn diagram shown in Fig. 3 . In total, 698 probe sets (488 named genes) were identified as 'Present' in all 28 samples. An additional 587 probe sets (454 named genes) 10 were identified in each of the cord blood samples but not among the entire group of adult blood samples. In contrast, 108 probe sets (98 named genes)
were identified in each of the adult blood samples but not consistently among the cord blood samples.
Based upon the large number of differences in the profiles determined 15 by 'Absent' or 'Present' annotations, a more quantitative approach was explored to determine genes that may be differentially represented by the cord and adult blood transcriptomes. For this purpose, GeneSpring 7.2 software was utilized to compare the signal intensities for each probe set.
With the application of filtering to identify probe sets with distinct signals 20
between the cord and adult blood samples (see Methods), a list of 107 probe sets encoding 94 genes were generated from 44,854 probe sets (Sup . Table   S8 ). Those probe sets were clustered into a conditional tree by unsupervised hierarchical clustering as shown in Fig. 4 . Only four probe sets demonstrated higher level expression in the adult reticulocytes (219630_at-MAP17,vast majority of differentially expressed transcripts were detected at higher levels in the cord blood samples. However, the distinctly higher levels noted for those genes in Fig. 4 was not detected by pan-genomic comparisons.
When all 44,854 probe sets were compared, the geometric means of the raw 5 signal intensities was 1,078±38 (Mean±SEM) for cord blood and 1,037±43 (Mean±SEM) for adult blood. Functional classifications of 107 differentially expressed probe sets were performed using GoMiner (22) software to demonstrate that the encoded genes are associated with a wide range of cellular and molecular functions (data not shown). 10
Validation of microarray data. For validation, 21 probe sets were chosen according to the ratio of signals from cord blood and adult blood arrays. The ratios were calculated using array signal intensities and these ratios were compared to the copy number/ng cDNA ratio from real-time PCR (Fig. 5) . To further validate the transcriptome data at the protein level and demonstrate the utility of this transcriptome data for identifying novel proteins in circulating human erythrocytes, a Western analysis of MAP17 wasperformed. MAP17 is a small membrane protein thought to be involved in lipid regulation and signal transduction (19). Membrane fractions were prepared from purified erythrocytes from six separate human donors (3 cord, 3 adult). As shown, the increased level of MAP17 gene expression detected by array and QPCR analyses is also detected at the protein level. MAP17 5 protein was not detected in cord blood erythrocyte membranes, but a MAP17 band was present in each of the adult erythrocyte membrane samples (Fig.   6 ).
Discussion 10
The data derived from this study provide the first genome-wide comparison were clearly seen. Interestingly, increased representation of differentially expressed genes was highly biased toward the cord blood transcriptome.
Since the methods used for collection, storage, and processing of the 28 samples was consistent, no obvious experimental or technical artifacts were identified for these differences. Instead, biological differences between cord 5 and adult blood erythropoiesis and reticulocyte release into the circulation may be involved. It is well recognized that cord blood contains less-mature reticulocytes than adult blood (15) . Therefore, the increased representation of genes in cord blood reticulocytes may be related to the presence of those less mature reticulocyte populations. Beyond differences in the reticulocyte 10 populations, the differential representation transcripts may also reflect developmental changes in erythroid gene expression (11) or mRNA stability. 
